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Background: Cross-sectional studies have shown that children with
developmental coordination disorder (DCD) are less likely to be
physically active and have excess weight gain. However, longitudi-
nal studies examining the relationship between DCD and measures
of body composition (BMI and waist circumference) over time are
lacking. It is not known if sex and physical activity affect the rela-
tionship between DCD and measures of body composition over
time.
Objective: (1) To examine if BMI and waist circumference in chil-
dren with and without probable DCD (pDCD) remain constant over
time or change as children age, and whether this relationship var-
ies by sex. (2) To examine if differences in physical activity
between children with and without pDCD account for differences
in BMI and waist circumference over time.
Methods: Physical Health Activity Study Team (PHAST) data were
used for this longitudinal analysis. At baseline, a total of 2,278
(pDCD = 103) children aged 9–10 years were included in the
analysis. The total follow-up period was ﬁve years. Mixed-effectsite 109A,
238 D. Joshi et al. / Human Movement Science 40 (2015) 237–247modeling was used to estimate change in body composition mea-
sures in children over time.
Results: Children with pDCD have higher BMI and waist circumfer-
ence compared to typically developing children, and this difference
increased over the study period. The relationship between pDCD
and BMI over time also varied by sex. A similar trend was observed
for waist circumference. Boys with pDCD were found to have a
more rapid increase in BMI and waist circumference compared to
girls with pDCD. Physical activity had neither a mediating nor a
moderating effect on the relationship between pDCD and measures
of body composition. However, physical activity was indepen-
dently and negatively associated with measures of body composi-
tion.
Conclusions: pDCD is associated with higher body mass and waist
circumference, both important risk factors for cardiovascular dis-
ease, type 2 diabetes, and psychological problems and other health
conditions.
 2015 The Authors. Published by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creative-
commons.org/licenses/by-nc-nd/4.0/).1. Introduction
Developmental coordination disorder (DCD) is a neurodevelopmental disorder affecting motor
coordination, which negatively impacts activities of daily living and scholastic achievement
(American Psychiatric Association [APA], 2013). The prevalence of DCD is between 1.8% and 6%
(Cairney, Hay, Faught, & Hawes, 2005a; Gibbs, Appleton, & Appleton, 2007; Lingam, Hunt, Golding,
Jongmans, & Emond, 2009). Despite the relatively high prevalence of this condition, it is often not diag-
nosed in children (Missiuna et al., 2008).
As a result of poor motor coordination, children with DCD often face embarrassment and ridicule
from their peers, and are less likely to participate in active physical free play and in organized sport
and physical activities (Cairney et al., 2005b, 2007; Hands, 2008; Schott, Alof, Hultsch, &
Meermann, 2007). This is troubling, given the many positive social, physical, and mental effects asso-
ciated with being physically active (Strong et al., 2005). Physical inactivity has also been identiﬁed as
one of the core risk factors associated with the pediatric obesity epidemic in North America, and in
other parts of the developed world (Janssen et al., 2005).
Simply recommending increased levels of physical activity in children with DCD is likely to be inef-
fective as they do not have sufﬁciently proﬁcient fundamental motor skills needed to participate in
these activities or to engage in active play. Bar-Or (1983) described an activity deﬁcit hypothesis
which posits that children with movement difﬁculties are less physically active compared with their
movement-competent peers. Previous studies support the activity deﬁcit hypothesis in children with
poor motor coordination (Beutum, Cordier, & Bundy, 2012; Bouffard, Watkinson, Thompson,
Causgrove Dunn, & Romanow, 1996; Cairney et al., 2005b; Cantell, Crawford, & Doyle-Baker, 2008;
Poulsen, 2008; Wrotniak, Epstein, Dorn, Jones, & Kondilis, 2006).
Over time, reduced physical activity leads to an increased risk of overweight/obesity (Hands &
Larkin, 2002). Therefore, it has been hypothesized that physical inactivity in children with DCD places
them at higher risk for unhealthy weight gain (Cairney & Veldhuizen, 2013; Cairney et al., 2005a).
According to a recent systematic review, 13 of 18 studies examining the relationship between motor
proﬁciency and body composition found that children with poor motor proﬁciency had signiﬁcantly
higher BMI, waist circumference, and percent body fat compared to their peers (Rivilis et al., 2011).
Longitudinal research has also shown poor motor coordination to predict negative changes in body
weight, including increased risk of overweight and obesity (Cairney et al., 2010b; Osika &
Montgomery, 2008).
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there are several gaps in the literature which are addressed in the current study. First, few studies
have examined body composition (including overweight and obesity) in children with DCD and among
these, most have used cross-sectional designs (Cairney & Veldhuizen, 2013). Large, population-based
longitudinal studies examining the association between DCD, and measures of body composition over
time are lacking. Moreover, the few longitudinal studies that have been conducted report conﬂicting
ﬁndings (Cairney et al., 2010b; Hands, 2008) or have a short follow-up period (Cairney et al., 2010b).
The relationship between DCD and measures of body composition needs to be examined over an
extended period of time as the effect of inactivity is insidious and cumulative.
Second, the effect of sex on the relationship between motor coordination and body composition has
been examined in only a small number of cross-sectional studies and the results are discrepant
(Cairney et al., 2005a; Schott et al., 2007; Wrotniak et al., 2006). After reviewing literature in this area,
it is unclear whether the relationship between DCD and measures of body composition differs by sex.
This study addresses this gap by testing for the effect of sex on the relationship between DCD and
measures of body composition over a ﬁve-year period.
Third, cross-sectional studies have examined the association between DCD and measures of body
composition, and DCD and physical inactivity independently (Cairney et al., 2005a; Schott et al., 2007;
Wrotniak et al., 2006). However, to our knowledge, no study has examined whether the differences in
measures of body composition in children with and without DCD are related to differences in physical
activity.
The aforementioned limitations in the extant literature can be addressed by examining a large
group of children with and without poor motor coordination, and repeatedly tracking multiple mea-
sures of body composition (e.g., BMI and waist circumference), and physical activity over time. While
ideally, it would be desirable to examine the long-term consequences of DCD in relation to over-
weight/obesity, from childhood through to middle and old age, such data do not currently exist. At
the same time, understanding the temporal associations among motor coordination, physical activity,
and body composition during key developmental periods can still make signiﬁcant contributions to
our understanding of these associations. One such period is the transition between middle childhood
and adolescence. Developmentally, this period is associated with rapid and often dramatic changes in
physical, maturational, social, and psychological domains (Sun et al., 2002; Yurgelun-Todd, 2007). For
example, differences in rate of growth (Sun et al., 2002), changes in body size and composition (Wang,
2002), changes in physical activity patterns as well as differences in physical activity levels between
boys and girls are well documented during this period (Kimm et al., 2005; Sherar, Esliger, Baxter-
Jones, & Tremblay, 2007; Telama & Yang, 2000). Moreover, previous studies have shown both physical
activity and overweight/obesity during this period to be predictive of physical activity (Telama, Yang,
Laakso, & Viikari, 1997; Telama et al., 2005) and body composition later in adulthood (Guo, Wu,
Chumlea, & Roche, 2002; Whitaker, Wright, Pepe, Seidel, & Dietz, 1997).
In the present study, we are able to examine the prospective associations among poor motor coor-
dination, physical activity and body composition using a large cohort of children as they age from 9 to
14 years of age. The following research questions are examined: (1) Are children with DCDmore likely
than their typically developing peers to have higher BMI and waist circumference at baseline? (2) Do
differences in BMI and waist circumference between children with DCD and those without decrease,
increase, or remain constant over time as children age? (3) Does sex moderate the association
between DCD and BMI, and between DCD and waist circumference over time? (4) Does physical activ-
ity moderate the association between DCD and BMI, and between DCD and waist circumference?2. Methodology
2.1. Study participants
The Physical Health Activity Study Team (PHAST) project is a longitudinal cohort study of children’s
physical activity, anthropometry, and aerobic ﬁtness that began in the spring of 2005. The study pop-
ulation involved all children in the fourth grade (ages 8–10 years) who were enrolled in the public
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from 75 of 92 (83%) schools. At baseline, informed consent was obtained from parents of 2278 of
2378 (95.8%) children. The ﬁrst wave of data was collected in the spring of 2005 with reassessments
conducted in the fall of 2005 (wave 2), spring and fall of 2006 (wave 3 and wave 4), spring and fall of
2007 (wave 5 and wave 6), fall of 2008 (wave 7), and fall of 2009 (wave 8). The total follow-up period
was approximately ﬁve years. Ethics approval for the study was obtained from the district school
board and Brock University. A total of 2,278 children who were available at baseline are included in
the analysis.2.2. Measurement of study variables
2.2.1. Assessment of motor coordination
Motor coordination was assessed using the short form of the Bruininks–Oseretsky Test of Motor
Proﬁciency (BOTMP-SF) (Bruininks, 1978). The BOTMP-SF examined all components of motor coordi-
nation using selected items from the full scale. The short form has been validated against the full scale
and correlations between 0.90 and 0.91 have been reported for children aged 8–14 years (Cairney,
Hay, Veldhuizen, Missiuna, & Faught, 2010a). The test takes about 20 min to complete and was admin-
istered individually to each child in a school’s gymnasium by a trained research assistant. All reason-
able attempts were made to ensure privacy during testing to minimize distractions and make the child
feel comfortable. Children who scored below the 6th percentile on the BOTMP-SF were considered to
be ‘‘probable’’ cases of DCD (pDCD), given that testing was conducted by research assistants and no
formal diagnosis was made by a physician. Criterion B of the DSM-5 (APA, 2013) was not speciﬁcally
assessed in this study; however, all participants with known intellectual or physical disabilities were
excluded. The validity of this ﬁeld-based assessment has been published previously (Cairney, Hay,
Veldhuizen, Missiuna, & Faught, 2009). The results showed that 88% of children scoring below the
6th percentile on the BOTMP-SF met the motor impairment criteria for DCD based on the 15th percen-
tile of the Movement Assessment Battery for Children (Cairney et al., 2009).2.2.2. Body composition
Height was measured using a stadiometer and was recorded to the nearest 0.2 cm. Weight was
measured using an electronic weight scale and was recorded to the nearest 0.1 kg. Height and weight
measurements were obtained without footwear and children wore light clothing suitable for physical
education class (e.g., t-shirt and shorts). BMI (kg/m2) was calculated by dividing weight in kilograms
over height in meter squared. Waist circumference was measured midway between the lowest rib and
the superior border of the iliac crest (Gillum, 1999). Waist circumference measures were obtained two
times and the average of these readings was used in the analyses.2.2.3. Physical activity
The Participation Questionnaire is a 63-item self-reported questionnaire. Children were asked to
report their participation in free-time play, intramurals, school and community sport teams, and other
organized activities over a one year period (Hay, 1992). Children were also asked to report their par-
ticipation in free-time play based on typical past-time activities they performed shortly before the
time of completion of the questionnaire. The free-time play component has eight items and scores
ranged from 0 to 20. The organized activities component has six items and scores ranged from 0 to
29. Therefore, total physical activity scores ranged from 0 to 49, with higher scores indicating greater
physical activity. The Participation Questionnaire has shown reasonable evidence of construct valid-
ity: previous studies have reported signiﬁcant differences between boys and girls, those living in
urban and rural settings, and signiﬁcant correlations with body fat and aerobic capacity (Cairney
et al., 2010a; Hay, 1992). The Participation Questionnaire has also been shown to correlate with the
teacher’s assessment of physical activity in children (r = .62) (Cairney et al., 2010a; Hay, 1992). The
test–retest reliability is reported to be 0.81 over a period of two weeks (Hay, 1992).
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Student’s t test was used to compare baseline differences in BMI, waist circumference, and physical
activity between groups (with and without pDCD). The dependent variables (BMI and waist
circumference) were used as a continuous measure because dichotomization does not make use of
within-category information and everyone within the ‘‘healthy body weight’’ and ‘‘overweight/obese’’
categories would otherwise be treated the same, even though they may vary considerably.
Mixed effects models were used to examine the relationship between sex, pDCD, and measures of
body composition in children. Time (months) since baseline was modeled as a linear variable to see if
the difference between groups increased exponentially or remained monotonic over time. Time was
also modeled as a non-linear variable (quadratic term). The quadratic term for time was signiﬁcant
for waist circumference but not signiﬁcant for BMI. The coefﬁcient for the quadratic time variable
was small for BMI (1.9  105) and waist circumference (1.2  103), and hence was excluded from
the analyses in order to build a parsimonious regression model. Random intercept at the participant
level and random slope for time were included in the analysis. To determine if the change in BMI and
waist circumference varies by pDCD status, a time by pDCD interaction term was tested. To examine if
this relationship is inﬂuenced by sex, three-way interaction term between sex, pDCD, and time was
tested. Finally, to determine if change in BMI and waist circumference varies by physical activity lev-
els, three-way interaction term between physical activity, pDCD, and time was tested.3. Results
In this sample, 103 children (4.5%) met the criteria for probable DCD (pDCD). Descriptive charac-
teristics of the participants at each wave of the study are provided in Table 1. At baseline, children
with pDCD had approximately 15% higher mean BMI scores (t = 14.73, p = <.0001), 12% higher mean
waist circumference (t = 15.72, p = <.0001), and 26% lower total physical activity scores (t = 19.01,
p = <.0001) than typically developing children.
The results from the mixed-effects models predicting BMI and waist circumference from age at
baseline, sex, pDCD, and time are presented in Tables 2 and 3, respectively. For both BMI and waist
circumference, there were signiﬁcant main effects for time. Compared with typically developing chil-
dren, children with pDCD had higher BMI (average difference of 2.5 kg/m2) and higher waist circum-
ference (average difference of 7.6 cm). For BMI and waist circumference, interaction terms between
time and pDCD status were tested in model 1. The two-way interaction term between time and pDCD
status was signiﬁcant for BMI and waist circumference. This positive effect indicates that the differ-
ences in BMI and waist circumference between children with pDCD and those without are increasing
over time. For both BMI and waist circumference, there was no evidence of two-way interaction
between pDCD status and sex (model 2). The three-way interaction between time, pDCD status, and
sex was signiﬁcant for BMI but not statistically signiﬁcant for waist circumference (p-value: .0577).
This indicates that the inﬂuence of pDCD on change in BMI differs over time by sex. Although the
three-way interaction between time, pDCD, and sex was not statistically signiﬁcant for waist circum-
ference, the regression equation was graphed to view the trend. The regression equations from model
3 were graphed in order to interpret this relationship (Figs. 1 and 2). It can be seen that pDCD was
associated with increases in BMI over time and a similar trend was observed for waist circumference.
Speciﬁcally, boys with pDCD showed a more rapid increase in BMI and waist circumference over time
compared to girls with pDCD. The trajectories were similar for boys and girls without pDCD.
The effect of physical activity on the relationship between BMI and pDCD status, and waist circum-
ference and pDCD status were also examined (results not reported). A signiﬁcant negative relationship
was found between BMI and total physical activity score, and between waist circumference and total
physical activity score. After adjusting for total physical activity, there was no change in the magni-
tude of the regression coefﬁcient for the three-way interaction term between time, pDCD status,
and sex for both BMI and waist circumference. This suggests that physical activity does not mediate
the relationship between BMI and pDCD status, and waist circumference and pDCD status. Two-
way interaction between time and physical activity was signiﬁcant for BMI only, suggesting that
Table 1
Descriptive characteristics of the participants at each wave.
Wave 1 Wave 2 Wave 3 Wave 4 Wave 5 Wave 6 Wave 7 Wave 8
n 2278 2228 2273 2134 2141 1896 1805 1581
Age (yrs), mean (SD) 9.9 (0.4) 10.3
(0.4)
10.9
(0.3)
11.3
(0.3)
11.9
(0.3)
12.4
(0.3)
13.4
(0.3)
14.6
(0.4)
Sex, n (%)
Male 1158
(50.8)
1076
(50.6)
1083
(51.0)
1060
(50.5)
1037
(50.1)
937
(50.7)
885
(50.6)
703
(50.5)
Female 1120
(49.2)
1051
(49.4)
1042
(49.0)
1038
(49.5)
1032
(49.9)
912
(49.3)
864
(49.4)
688
(49.5)
pDCD, n (%) 103
(4.5)
102
(4.6)
104
(4.6)
98 (4.6) 97 (4.5) 58 (3.1) 60 (3.3) 48 (3.0)
BMI (kg/m2), mean (SD)
pDCD 21.1
(5.1)
22.0
(5.1)
22.4
(5.5)
22.7
(5.5)
23.2
(5.6)
24.6
(5.9)
25.6
(6.3)
25.7
(6.3)
No pDCD 18.4
(3.4)
18.8
(3.5)
19.1
(3.6)
19.5
(3.9)
19.9
(3.9)
20.2
(3.9)
21.0
(4.0)
21.5
(4.0)
Male 18.5
(3.5)
18.9
(3.7)
19.2
(3.7)
19.6
(3.9)
20.0
(4.0)
20.4
(4.1)
21.0
(4.2)
21.5
(4.2)
Female 18.6
(3.6)
19.0
(3.7)
19.2
(3.8)
19.8
(4.1)
20.2
(4.1)
20.3
(4.0)
21.3
(4.2)
21.7
(4.1)
All 18.6
(3.5)
19.0
(3.7)
19.2
(3.8)
19.7
(4.0)
20.1
(4.0)
20.3
(4.1)
21.2
(4.2)
21.6
(4.2)
Waist circumference (cm),
mean (SD)
pDCD 72.2
(13.6)
76.0
(13.5)
78.4
(13.7)
79.6
(14.5)
81.3
(14.8)
83.1
(14.2)
84.8
(15.9)
86.3
(15.9)
No pDCD 64.7
(9.7)
67.0
(10.1)
68.6
(10.1)
70.1
(10.9)
71.3
(10.9)
71.3
(10.7)
74.0
(11.4)
76.4
(10.7)
Male 64.9
(10.0)
67.4
(10.3)
69.0
(10.5)
70.3
(11.2)
71.7
(11.4)
72.2
(11.3)
74.4
(12.0)
76.9
(11.5)
Female 65.1
(10.1)
67.5
(10.6)
69.3
(10.4)
70.9
(11.3)
71.8
(11.3)
71.1
(10.7)
74.2
(11.4)
76.5
(10.6)
All 65.0
(10.1)
67.4
(10.4)
69.1
(10.5)
70.6
(11.3)
71.7
(11.3)
71.6
(11.0)
74.3
(11.7)
76.7
(11.1)
Total physical activity score,
mean (SD)
pDCD 11.6
(6.3)
10.6
(5.2)
11.9
(5.3)
10.4
(4.8)
12.4
(5.8)
11.6
(5.3)
10.2
(4.5)
–
No pDCD 15.6
(6.7)
15.1
(6.8)
17.1
(7.2)
14.9
(6.4)
17.4
(7.0)
15.1
(6.4)
13.8
(5.9)
–
Male 15.5
(7.0)
14.9
(6.8)
16.8
(7.4)
14.9
(6.5)
17.4
(7.4)
15.2
(6.5)
14.3
(6.1)
–
Female 15.2
(6.5)
14.8
(6.6)
17.0
(6.9)
14.6
(6.4)
16.9
(6.7)
14.8
(6.3)
13.1
(5.6)
–
All 15.4
(6.8)
14.9
(6.7)
16.9
(7.2)
14.7
(6.4)
17.2
(7.0)
15.0
(6.4)
13.7
(5.9)
–
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ence, the three-way interaction between time, pDCD status, and physical activity was not signiﬁcant.
This suggests physical activity does not moderate the relationship between BMI and pDCD status, and
between waist circumference and pDCD status over time.4. Discussion
Results from this study demonstrate that children with pDCD have higher BMI and waist circum-
ference compared to typically developing children and that this difference increased over the ﬁve-year
Table 3
Mixed-effects models predicting waist circumference by age at baseline, sex, probable developmental coordination disorder, and
time.
Model 1 Model 2 Model 3
Estimate p-Value Estimate p-Value Estimate p-Value
Intercept 64.88 <.0001 64.85 <.0001 64.87 <.0001
Age at baseline (yrs) 1.35 .0182 1.34 .0192 1.34 .0191
Time (months) 0.22 <.0001 0.23 <.0001 0.22 <.0001
Sex (female) 0.22 .5676 0.15 .7031 -0.16 .6906
pDCD 7.55 <.0001 8.94 <.0001 8.39 <.0001
Time * pDCD 0.04 .0182 0.08 .0031
Sex * pDCD 1.91 .3525 1.46 .4805
Time * sex 1.3  103 .8573
Time * pDCD * sex -0.07 .0577
Table 2
Mixed-effects models predicting BMI by age at baseline, sex, probable developmental coordination disorder, and time.
Model 1 Model 2 Model 3
Estimate p-Value Estimate p-Value Estimate p-Value
Intercept 18.23 <.0001 18.22 <.0001 18.24 <.0001
Age at baseline (yrs) 0.38 .0619 0.38 .0650 0.38 .0648
Time (months) 0.07 <.0001 0.07 <.0001 0.06 <.0001
Sex (female) 9.5  104 .9946 0.03 .8527 6.6  103 .9634
pDCD 2.53 <.0001 3.03 <.0001 2.87 <.0001
Time * pDCD 0.02 <.0001 0.04 .0257
Sex * pDCD 0.69 .3480 0.58 .4309
Time * sex 8.8  103 <.0001
Time * pDCD * sex 0.03 .0127
D. Joshi et al. / Human Movement Science 40 (2015) 237–247 243follow-up. The relationship between pDCD and BMI over time varied by sex, and although a similar
trend was observed for waist circumference, it was not statistically signiﬁcant (p = .0577). Boys with
pDCD were found to have a greater increase in BMI and waist circumference over time compared to
girls with pDCD. Physical activity did not have a mediating or a moderating effect on the relationship
between pDCD status and BMI, or on pDCD status and waist circumference. However, it was indepen-
dently and negatively associated with BMI and waist circumference.Fig. 1. Predicted BMI among boys and girls with and without probable developmental coordination disorder (pDCD).
Fig. 2. Predicted waist circumference among boys and girls with and without probable developmental coordination disorder
(pDCD).
244 D. Joshi et al. / Human Movement Science 40 (2015) 237–247Our ﬁndings with regard to pDCD, time, BMI and waist circumference are consistent with some
previous research which found that children with DCD had higher BMI and waist circumference scores
at baseline and that these differences increased slightly over time (Cairney et al., 2010b; Zhu, Wu, &
Cairney, 2011). In contrast, a 5-year follow-up study conducted with 5–7 year olds found no signiﬁ-
cant difference in BMI between groups of children with low motor competence and high motor com-
petence at baseline or over time (Hands, 2008). However, this study by Hands (2008) had a small
sample of only 38 participants and included children younger (5–7 years of age) than the participants
in PHAST; these differences may account for some of the discrepancies between results. It is also
important to note that each of the aforementioned studies used three different measures of motor
coordination: M-ABC (Zhu et al., 2011), BOT-SF (Cairney et al., 2010b), and the sprint run, standing
board jump, and balance (Hands, 2008). While the results of our study conﬁrm those found by Zhu
and colleagues (2011) and Cairney et al. (2010b), we cannot rule out entirely the possibility that dif-
ferences in measurement may explain inconsistency in ﬁndings between our results and those of
Hands (2008).
This is the ﬁrst study to ﬁnd a signiﬁcant three-way interaction between pDCD status, sex, and time
for BMI and a trend toward statistical signiﬁcance for waist circumference. Interestingly an earlier
study by Cairney et al. (2010b), using the same cohort, did not ﬁnd a signiﬁcant three-way interaction
between pDCD, sex, and time. We believe this is due to fact that the study was based only on the ﬁrst
two years of data collected with this cohort. Unlike the ﬁrst study, our data covered a ﬁve-year time
period, tracking children over a longer developmental period (from age 9–14 years). This suggests that
the effect of sex on time for DCD occurs later in childhood. From Figs. 1 and 2 it can be estimated that
boys with pDCD have a rapid increase in BMI and waist circumference at approximately 11 years of
age which may coincide with maturational changes. The rapid changes in physical growth and matu-
ration, and the accompanying social and psychological maturational changes that occur in the transi-
tion from middle childhood to adolescence, account at least in part for why these complex association
among sex, pDCD and body composition are found. Girls, for example, attain peak growth velocity and
sexual maturation at an earlier age than boys (Rogol, Clark, & Roemmich, 2000). Growth spurts and
onset of puberty is known to be associated with changes in body size and composition (Wang,
2002). During preadolescence, the percentages of body fat and lean body mass are similar between
boys and girls (Wang, 2002). However, during adolescence, girls experience a relatively greater
increase in fat mass than lean body mass, whereas boys gain more lean body mass than fat mass
(Wang, 2002). Early onset of sexual maturity may affect body composition through its inﬂuence on
growth (height and weight) in boys and girls. For example, Wang (2002) found boys who matured ear-
lier were taller, although their body weight was similar from boys who did not mature earlier, result-
ing in lower BMI scores. It is interesting to speculate that differences in rate of maturation between
D. Joshi et al. / Human Movement Science 40 (2015) 237–247 245children with and without DCD may account for some of the effect of motor coordination on body
composition during this developmental period. Further research exploring these effects is required.
Our study also found that while physical activity was an independent predictor of BMI and waist
circumference, it did not mediate the relationship between pDCD status and either BMI or waist cir-
cumference. In other words, differences in physical activity scores do not explain why children with
pDCD have higher BMI and waist circumference. Moreover, physical activity does not seem to explain
the sex differences within the pDCD group as both boys and girls displayed similar physical activity
patterns over time. These results, therefore, do not support the activity deﬁcit hypothesis which sug-
gests that children with movement difﬁculties are less physically active compared to children without
movement difﬁculties (Bar-Or, 1983). While intriguing, caution regarding over-interpretation of this
ﬁnding is warranted, given data and measurement limitations. For example, one explanation for this
ﬁnding is that the measure of physical activity in this study was not a direct measure of energy expen-
diture. Although self-reports are useful for gaining insight into physical activity levels, they are limited
in terms of reliability and validity (Prince et al., 2008). Assessing physical activity levels through self-
reports can overestimate or underestimate the true energy expenditure due to physical activity. Self-
reported physical activity is also prone to recall and social desirability biases. Another explanation
may be that because children generally are physically inactive (91% of boys and 96% of girls) and
do not meet the Canadian recommendations for physical activity (Colley et al., 2011), the actual dif-
ference in physical activity between children with and without pDCD may be much smaller than
would be predicted by the activity-deﬁcit hypothesis. Therefore, inactivity differences may be rela-
tively less important to understanding the differences in measures of body composition between
groups. Another study found that children with DCD participated in signiﬁcantly less moderate-to-vig-
orous physical activity than children without DCD and found strength, type of activity, and family fac-
tors such as parents’ activity participation to be associated with participation in moderate-to-vigorous
activity in children with DCD (Beutum, Cordier, & Bundy, 2012). Examining these types of factors may
provide insight into the physical activity patterns in children with pDCD and may explain the higher
BMI and waist circumference in this group. Finally, it is possible that signiﬁcant differences in nutri-
tional intake between children with and without pDCD may explain the higher BMI and waist circum-
ference scores in children with pDCD. The effect of nutritional intake on the relationship between
pDCD and BMI, and between pDCD and waist circumference should be examined in future studies.
We know of no research that has shown differences in dietary behaviors between these groups.
The strengths of the current study include use of a longitudinal study design that allowed the
exploration of trajectories of change in relative weight over time in the same cohort of children with
and without pDCD. Further, we were able to explore the unique and multiplicative contributions of
both sex and physical activity on these changes in body composition over time. Examining BMI and
waist circumference from 9 to 14 years is important because it allows us to examine body composition
during a period when signiﬁcant metabolic changes and changes in growth and maturation are taking
place, thus providing information regarding current and future health status of the child. This study
recruited a population-based sample thereby reducing concerns related to clinical-referral bias.
Finally, this study had a large sample size, which ensured adequate power to examine the research
questions.
Several limitations of this study need to be addressed in future work. First, pDCD cases were iden-
tiﬁed by research assistants using a screening instrument and this identiﬁcation was not conﬁrmed by
a physician. Second, DSM-IV diagnostic criterion B was not addressed when identifying children with
pDCD which may have led to an overestimation of the number of pDCD cases. Third, participation in
physical activity was self-reported and social-desirability bias or recall bias may have occurred.
Finally, BMI and waist circumference scores were used as proxy measures for body fat. Future studies
should consider using direct measures of energy expenditure and body fat.5. Conclusions
The ﬁndings of this study showed that children with pDCD had higher BMI and waist circumfer-
ence than typically developing children and that this difference increased slightly over the study
246 D. Joshi et al. / Human Movement Science 40 (2015) 237–247period. Among the pDCD group, this relationship differed by sex with boys having a more rapid
increase in BMI compared to girls. Similar trends were also observed for waist circumference. Physical
activity was an independent predictor of BMI and waist circumference. These results suggest that DCD
is associated with higher body mass and waist circumference which are important risk factors for car-
diovascular disease, type 2 diabetes, and psychological problems among other health conditions. Phys-
ical activity did not explain the differences in measures of body composition between groups
suggesting that inactivity differences may be relatively less important to understanding the differ-
ences between measures of body composition between groups. Future studies should consider exam-
ining other factors that may affect this relationship and that can be targeted for intervention purposes.
Future studies using more sensitive measures of body fat and energy expenditure are also required.References
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